Mode-locked (ML) lasers have found many important applications in nonlinear optics, biomedical imaging, and precision metrology. They generate ultrashort optical pulses on pico-and femtosecond timescales. These are among the shortest events in nature.
Figure 1. (top left) Schematic of our fiber-taper-based carbon-nanotube (FTCNT) saturable absorber (SA). SWCNT: Single-walled CNT. (bottom left) Packaged FTCNT SA. (right) Hand-held mode-locked fiber laser with FTCNT SA.
for SESAMs. Therefore, we have developed a new type of arrangement where the interaction with the CNTs is done through the evanescent field of a thin fiber taper. 3 This configuration increases the SA's damage threshold significantly, since the absorption is now distributed along the fiber taper (a few centimeters in length) instead of being concentrated in a very thin layer (<1 m). In addition, the device is now compatible with fiber format, and adding the SA into the cavity is as simple as adding a fused fiber coupler.
We have successfully built ML fiber lasers operating at different wavelengths using this new type of SA. Figure 1 shows a packaged laser operating at the telecommunications wavelength near 1550nm. We spliced a fiber-taper-based CNT (FTCNT) SA into the cavity, so that no alignment was needed. We thus constructed a hand-held, low-cost ultrafast fiber laser. We recently also demonstrated a hand-held fiber-laser system that delivered few-cycle optical pulses. 4 Its heart is a ML laser oscillator with a FTCNT SA. It can be used in high-resolution optical coherence tomography, frequency metrology, or seeding high-energy optical parametric amplifiers.
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Development of laser sources that operate near 2 m wavelength is urgently needed for nonlinear optics, medicine, and sensing. We successfully built one of the first ML thulium-doped fiber lasers using a FTCNT SA that provided subpicosecond pulses near 2 m. 5 We also recently developed a widely tunable ML laser in this wavelength region. 6 These results exemplify the great potential of FTCNT SAs, since they can be used for ML fiber lasers in various wavelength regions.
We next need to address the long-term stability of CNT SAs. FTCNT SAs exhibit great long-term stability when they are used in lasers that operate near 1550 or 2000nm. We have built a number of laser units that have been working in different laboratories for several years. Some have worked for more than 1000 hours. We observed degradation (which appeared as a reduction in absorption under laser action) in FTCNT SAs operating around 1000nm. Therefore, the stability of these SAs seems to depend on the operating wavelength. We will need to conduct more research to gain a better understanding of this effect.
CNTs are bringing robust, affordable fiber lasers to the market. It will not be surprising to see these devices at the heart of every ultrafast fiber laser in the near future.
